IN-HOSPITAL STROKE ACCOUNTS for a significant proportion of spontaneous stroke disease. In The National Survey of Stroke, 8 .7% of strokes assessed in 1975-76 took place while the patient was in the hospital for some other condition. 1 In a population-based study, 2 Schoenberg et al found that 6 .5% of all first strokes occurred while patients were in the hospital for a surgical procedure or a medical problem. We therefore carried out hospital-based prospective evaluation to assess possible factors related to in-hospital stroke.
Materials and Methods
We prospectively and consecutively assessed 203 patients with symptoms of acute stroke at Temple University Hospital between July 1, 1982 and February 28, 1983 . One hundred and seventy-one patients had cerebral ischemia and 32 had hemorrhagic stroke. Of the 171 patients with cerebral ischemia, 47 had a transient ischemic attack: (TIA) and 124 had a completed infarction. Twenty-six patients developed symptoms of cerebral ischemia in the hospital while no cases of primary hemorrhagic stroke occurred in hospitalized patients. Patients with onset of symptoms while hospitalized were admitted for other medical or surgical disorders or for evaluation of asymptomatic carotid bruit. None of these patients were having symptoms of cerebral ischemia at the time of their admission. All patients were followed by the authors throughout their hospital course. Followup, after discharge, was obtained in 10 of the 19 surviving patients. The 26 patients all had routine admission laboratory studies including complete blood count, serum chemistries, prothrombin time, partial thromboplastin time, platelet count, rapid plasma reagent test, electrocardiogram, chest x-ray, urinalysis, as well as computed tomographic (CT) brain scan. Patients were screened by neurological consultation as well as by review of CT scan results. CT scan was judged to be an absolute requirement for entrance into our study. Further cardiac evaluation and assessment of extracranial cerebrovascular disease was obtained as outlined in table 1. An autopsy was obtained in one instance.
To determine whether cerebral ischemia was thrombotic or embolic, we used the criteria of the Harvard Cooperative Stroke Registry. 3 Evidence for thrombosis of the large artery type included: premonitary TIAs; evidence of large vessel occlusive disease or CT evidence of a bland infarct that was not confined to the distribution of a single surface artery. As an additional criterion, we included cerebral ischemia in the presence of hypotension defined as a drop in mean arterial blood pressure (mABP) of greater than 25% which is when cerebral autoregulation becomes disrupted. 4 Lacunar stroke was based on clinical presentation and CT scan. Embolism was invoked in patients with one or more of the following features: sudden neurological signs with cardiac source of embolus; branch occlusion of an intracerebral artery by arteriography; infarction of a superficial cerebral artery territory by CT scan; CT evidence of secondary hemorrhage or multiple infarcts in different vascular territories.
Results
Eleven men and 15 women patients had cerebral ischemia while in the hospital. Their mean age (± std. dev.) was 61.8 ± 11.5 years (range, 35 to 85 years) and 50% were black, 50% white. Five patients had TIAs and 21 patients had completed infarction (table 2) .
Twelve patients had embolic events and 14 thrombotic. The risk factors for each group are outlined in table 3. As expected, the embolic group had a higher incidence of cardiac source of embolus. Of patients with a presumptive cerebral embolus from a cardiac source, acute myocardial ischemia was implicated in 3 patients with chronic atrial fibrillation (AF), cardioversion for acute AF, mitral valve replacement for rheumatic heart disease (RHD), mural wall thrombus, bacterial endocarditis, and cardiac catheterization invoked as a source of embolus in one patient each. Carotid bruit and evidence of significant carotid stenosis were more common in the thrombotic group. Eight of the 14 thrombosis patients had a significant fall in blood pressure at the onset of cerebral symptoms (table 4) . Seven of the 8 had chronic hypertension. A fall in the mean arterial blood pressure of 29% or more may have been an important factor. The average mABP drop was 42%. In four cases, the blood pressure fell after antihypertensive therapy and two others had acute myocardial ischemia. We did not document significant intraoperative hypotension in any patient but one had postoperative hypotension after fluid loss.
Of the 26 patients with in-hospital cerebral ischemia, 12 (46%) had their onset perioperatively, one during cardiac catheterization, and another during attempted cardioversion for atrial fibrillation (table 5) . Overall, 86% of the procedures were related to cardiovascular or peripheral vascular disease. Although both patients undergoing carotid endarterectomy had carotid bruits, none of the other patients did and bruit was, therefore, not a good predictor of perioperative stroke. Five of the 14 patients undergoing procedures had a cardiogenic source of embolism and one had postoperative hypotension.
Stroke occurring in a hospitalized patient may be iatrogenic. In our series, for instance, there were 8 cases in which the cerebral ischemia might have been prevented. These instances included: inadvertent ligation of a carotid artery during radical dissection of thyroid carcinoma (one patient), carotid endarterectomy performed on a medically unstable patient (one patient), carotid endarterectomy performed for an asymptomatic bruit (one patient) cardioversion for atrial fibrillation without prophylactic anticoagulation (one patient) and four patients who became hypotensive after antihypertensive therapy.
We followed these patients an average of 59 days (1 week to 9 months). The 30 day case fatality rate was 19%, which is somewhat higher than the 16% found in our overall series but it is essentially the same as that found in the series of ischemic stroke in Rochester, Minnesota from 1960 to 1975. 3 The total mortality rate in followup was 27%.
Our patients were, in general, a stroke-prone population. There was a high incidence of risk factors for cerebrovascular disease (table 3 ) and all but one had at least one of these factors. Almost one-third of these •A total of 5 patients had acute myocardial ischemia, 3 in the embolic group and 2 in the thrombotic group.
tThere were a total of 10 patients screened for carotid stenosis with either carotid noninvasive battery, DISA, or routine angiography. patients had a history of earlier cerebral ischemia and 23% had recurrent ischemia during followup. In defining what promoted in-hospital symptoms, the mechanism was probably multifactorial in several.
Discussion
This was a hospital-based study and factors delineated for our institution cannot necessarily be generalized. Excluding all patients with TTAs in our entire stroke series, the incidence of in-hospital completed stroke was 21/156 = 13%, higher than 7.7% reported by Aring and Merritt* in 1935 or the 8.7% in the National Survey of Stroke 1 for 1975-76. A figure of 6.5% in another study 2 was for initial stroke only and might have been higher if recurrent episodes had been included.
The incidence of in-hospital stroke is probably to be related to the number, type, and quality of surgical and invasive diagnostic procedures performed at a particular institution. The incidence of stroke after carotid endarterectomy is as high as 27% in some series. 7 Coronary artery bypass, another major prophylactic vascular procedure, was complicated by stroke in 5.2% of cases in one study. 8 Overall, however, less that 1% of general surgical procedures are complicated by stroke. 9 Factors that may predispose to perioperative stroke include: carotid occlusive disease, intraoperative or postoperative hypotension, postoperative hypercoagulability, discontinuation of prescribed anticoagulant therapy during surgery, perioperative cardiac arrhythmia, postoperative bacterial endocarditis, and paradoxical cerebral embolization from peripheral venous thrombosis. 9 Among our patients undergoing invasive therapeutic or diagnostic maneuvers, 12 of 14 (86%) had procedures related to cardiovascular or peripheral vascular disease. Thirty-six percent of these patients had a cardiogenic source of cerebral embolus and one patient had postoperative hypotension at the time of stroke. Hart and Hindman 9 invoked cardiogenic embolization as a mechanism in 42% of patients with perioperative stroke. We did not find carotid bruit detection to be useful in predicting risk for perioperative stroke, nor did others. 9 ' l0 Hypotension was a major predisposing factor in our study. All but one of the 8 patients who had symptoms with hypotension also had chronic hypertension. The other patient had severe orthostatic hypotension and was on hemodialysis for chronic renal failure. In normal individuals, cerebral autoregulation maintains cerebral perfusion unless there is a severe drop in blood pressure." The incidence of cerebral infarction after cardiac arrest, based upon autopsy findings, was 5.2%, 12 a low incidence that has been attributed to the protective effect of cerebral autoregulation. This may be impaired in diabetes mellitus 13 or chronic hypertension 4 making the individual more susceptible to changes in blood pressure. Although Torvik and Skullerud 12 did not find that cerebral infarction after cardiac arrest was correlated with the location and degree of cerebral atherosclerosis, hypertensive patients with ca- rotid artery stenosis may be more susceptible to focal cerebral ischemia in the presence of acute hypotension. 14 There is a tendency for cerebral infarction, associated with systemic hypotension, to occur in a distal field distribution, 15 but this pattern was not observed in our patients. In one study, 16 16 of 208 patients with ischemic cerebral infarction (7.7%) had hypotension at the onset of symptoms, often because of antihypertensive therapy. Seventy-five percent of their patients were hypertensive and the average mABP drop was 43%.
Forty-six percent of our patients had cerebral emboli and 35% had a documented cardiogenic source. The percentage of embolic stroke was 30% in our total registry and was 31% in the Harvard Cooperative Stroke Registry. 3 The relatively high incidence of embolic stroke in our study was, in part, related to the incidence of acute myocardial ischemia in patients already in the hospital. Approximately 1 to 2% of patients with acute myocardial ischemia have cerebral embolus. 17118 Furthermore, diagnostic and therapeutic procedures for the cardiac patient may increase the risk of embolization. 8 ' 19 Of 297 stroke patients in the National Survey of Stroke for 1975-76,' 93 cases were embolic and 26% of the embolic cases occurred in the hospital. They found a particularly poor prognosis for patients having a stroke in-hospital with a mortality rate of 54.1%.
In summary, in-hospital stroke tends to be characterized by a relatively high incidence of embolic stroke. Despite the presence of a cardiogenic source of embolus, however, one cannot always be sure that embolism is the mechanism of the stroke. The association with invasive diagnostic or surgical procedures, especially those involving cardiovascular or peripheral vascular disease, may not only reflect the type and quality of the procedure but also the nature and extent of the disease being investigated. Hypotension also appears to be a significant factor especially in patients whose cerebral autoregulation is impaired by chronic hypertension. Measures which might serve to reduce the rather substantial incidence of in-hospital stroke include: (1) careful screening of surgical candidates, (2) avoidance of significant hypotension in strokeprone patients and (3) judicious use of anticoagulant therapy in patients with a cardiac source of cerebral embolus.
